Heat transfer increase has been always the industries' aim. One of the methods to increase heat transfer is to
Heat transfer increase has been always the industries' aim. One of the methods to increase heat transfer is to
Heat exchangers are used for energy transfer between two or more fluids, one fluid and one solid surface, or solid particles and a fluid in different temperatures. Heat exchangers may be used in a wide range of applications such as cooling, heating, evaporating, distillation, pasteurizing, and crystalizing. They can be used separately or as a part of a larger heating systems for domestic, commercial or industrial purposes. They can be categorized to different groups with different considerations. Bergles [1] categorized heat transfer increasing methods to two main groups: active and passive. Active methods are the ones which use an external force. However, in passive methods, there is not such a force such as wavy tubes and porous media. Porous media is defined with two characteristics: Porosity ( φ ), the ratio of vacant spaces to the total volume of porous medium and Permeability (K), the ability of passing fluid in porous media.
Wang and Chen [2] with numerical solution reported that with increasing the ratio of amplitude to wave length, the local Nusselt number would increase extremely in the converged section, but there was a slight change in concaved section. Mahmud et Al. Kanna et al. numerically studied the forced convection heat transfer from two square cylinders in a channel covered by solid walls [4] . Upstream and downstream cylinders showed higher Nusselt numbers during steady state and for the periodic flow, respectively. It was observed that the average Nusselt number increases with the Reynolds number increase.
GOVERNING EQUATIONS
The geometry of the problem is shown in Figure 1 . As it is shown, r is the tube's radius, D max is the maximum diameter of the wavy tube and D min is the minimum one, λ is the wavelength, U 0 is the inlet velocity, H porous is the thickness of inserted porous media and a is half of the amplitude. The distance from the inlet in line with the tube axis is x. Also, X is the dimensionless ratio of the x to the wavelength. According to Figure 1 , r is computed via (1) [3] . 
In which, λ is the wavelength and a is half of the amplitude, which is defined by (3) [3] :
Boundary conditions are:
The present study is conducted for three different L* including 11, 19 and 25. In all cases, wavelength (λ) and minimum diameter (D min ) are considered respectively 10 cm and 4.02 cm. With these parameters and according to (2) and (3) 
In (10) and (11), j=1 for porous media, and j=0 when there is not porous media. In addition, for a pipe, n=1 and n=0 for a channel. F is the geometric function based on the experimental results [6] . Energy equations outside and inside of the porous media are respectively [5]:
In which, p and f are respectively representatives for porous media and fluid. k eff is the efficient thermal conductivity and is defined by (13) [5] .
( )
φ is the porosity of porous media. Also, for a Local Thermal Equilibrium condition [7] :
Another important porous media parameter is the permeability. To investigate permeability effects, Darcy number is defined (15) [5] .
K is the permeability of porous media and d is the characteristic length. Darcy parameter is dimensionless. Viscous Resistance is defined by (16).
In which D h is the hydraulic diameter defined by (17):
To compare a void wavy tube with the one with porous media, (18) was used to assess the overall performance of the heat exchanger [8]. In which Nu and f are for the wavy tube with porous media, and Nu s and f s are representatives for the void wavy tube. The critical value for PEC is 1, and the more the PEC value, the more the heat exchanger's efficiency is.
VALIDATIONS
To validate the present study, the local Nusselt number over the tube length was measured by (19).
In this , maximum PEC value will occur in thicknesses less than the amplitude. But, for 10 -4 ≤ Da ≤ 10 -2 , this value is exactly equal to the amplitude. These tests were repeated for L*=11 and 25, and the results were the same. In Figure 7 , all optimized thicknesses values leading to maximum PEC values are shown. It is obvious that for 10 -4 ≤ Da the optimum amount leading to the maximum PEC value is 100%. However, for 10 -4 > Da , the optimized amount is less than 100%. This amount will increase for smaller L* numbers (more waviness), and this is because of more heat transfer in wavy tubes with larger amplitudes. The transition in Da = 10 -4 for all different L* numbers is because of that in these regions, larger Darcy numbers will lead to less viscous resistance and more heat transfer, and heat transfer is more dominant in such regions. Figure 7 can be used for all different L* numbers between 11-25 to predict the behavior of wavy tubes. For investigating porosity, all the parameters were considered constant except porosity in a specific Darcy number ). In Figure 8 , it is evident that by decreasing the porosity, PEC value increased and after a specific porosity (here 0.84), it decreased again. Hence, when using porous media, it is important to choose the optimized porosity to have the maximum efficiency. In addition, by decreasing the porosity, heat transfer was increased while the pressure drop remained constant, and this is because by decreasing the porosity, the vacant places will be decreased. Hence, there will be more solid material which has a more thermal conductivity. 
CONCLUSION
In the present study, a wavy-tube heat exchanger was considered. Previous researches have been done to investigated the heat transfer in wavy tubes, and it was seen that it will lead to heat transfer increase. In the present work, porous media was inserted into the amplitudes of the wavy tube with different Darcy numbers and porosities to analyze the behavior, heat transfer, and pressure drop in the tube.
It was seen that in all cases, heat transfer and pressure drop will increase. However, to see the effects of both heat transfer and pressure drop simultaneously, PEC value which relates heat transfer to pressure drop was calculated for each Darcy number individually.
It was shown that for 10 -4 ≤ Da, when the wavy tube's amplitude is completely filled with porous media, maximum PEC value will be obtained. However, for 10 -4 > Da, maximum PEC value was resulted in thicknesses less than the wavy tube's amplitude.
This study was repeated for L*=11 and 25 and same results occurred. Therefore, when using porous media to improve the heat transfer efficiency, different porous media properties like Darcy number and porosity should be considered to have the maximum efficiency. 
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